2016), Temporal variation in optical properties of chromophoric dissolved organic matter (CDOM) in Southern California coastal waters with nearshore kelp and seagrass. Limnol. Oceanogr.,
Chromophoric dissolved organic matter (CDOM) plays an important role in determining light availability, biogeochemical cycling of carbon and ecosystem functioning in natural water systems (McKnight et al. 2001; Gallegos et al. 2005) . CDOM in nearshore coastal regions typically derives from allocthonous inputs of terrestrial organic material from rivers, wetlands, estuaries, and salt marshes, with some contribution from in situ production by microbial and plankton communities (Steinberg et al. 2004; Stedmon and Markager 2005a,b; Romero-Castillo et al. 2010) . There have been very limited studies to date on the contributions of intertidal and subtidal macroalgae and seagrass beds to CDOM production in coastal waters and no direct measurements of CDOM production from giant kelp (Macrocystis pyrifera), a species of macroalgae which plays an important role in regional marine carbon cycles throughout the world.
Giant kelp beds, found in shallow temperate waters along the Pacific coast of North and South America, Africa, New Zealand, and Australia , are highly productive ecosystems which can export large quantities of biomass to adjacent ecosystems (Dugan et al. 2003) . For example, Konotchik et al. (2012) recently estimated a daily average carbon production of 0.8-1.2 g C m 22 for a large kelp bed off La Jolla in Southern California. Giant kelp is widely distributed in Pacific Ocean waters along the Southern California coast (see for example Stewart et al. 2009) , with large amounts of wrack (hundreds of kilograms per meter per year) accumulating in the intertidal zone on un-groomed beaches (Dugan et al. 2003) . In addition to standing kelp beds, there are thousands of large drifting rafts of kelp in the Southern California Bight which may strand on beaches (Hobday 2000) . This marine macrophyte wrack supports an abundant and diverse biomass of macrofauna communities and shorebirds (Dugan et al. 2003) .
A few studies have indicated that aquatic plants, specifically seagrass and macroalgae, may be significant sources of CDOM in ocean regions which have limited freshwater inputs of organic matter from rivers and terrestrial runoff. Boss and Zaneveld (2003) , in a study of tidally flushed shallow banks, showed that the inherent optical properties of the seawater had gradients over horizontal spatial scales and tidal timescales that were related to differences in biogeochemical processes occurring at bottom substrates. Remote sensing techniques were used to demonstrate the export of CDOM from seagrass beds on shallow banks in the Bahamas (Otis et al. 2004 ). The direct release of CDOM into seawater was shown in laboratory studies for exudates from 11 species of macroalgae (red, brown, and green algae) from temperate waters in the North Atlantic (Hulatt et al. 2009 ) and for seagrass (Thallassia testudinum) in chamber studies in subtropical South Florida waters (Stabenau et al. 2004 ). Swanson and Druehl (2002) showed that exudates of phlorotannins from the kelp species Macrocystis integrifolia attenuated artificial UVB radiation in seawater. Henderson et al. (2008) demonstrated the production of algal organic matter from four species of algae as part of the DOM pool in drinking water treatment processes.
Based on these prior studies, giant kelp should be an autochthonous CDOM source in coastal waters; at flood tide, inputs of exudates from kelp in nearshore beds would be brought to shore, whereas, at ebb tide, inputs from senescent plant wrack would be transported off shore, resulting in a temporal variation in optical properties. In regions with no significant fresh water inputs from rivers and rain events like Southern California with its semiarid Mediterranean climate, kelp may be a significant source of CDOM in coastal waters. Optical properties have been extensively used to assess CDOM sources and the extent and pathways of biogeochemical processing in seawater. For example, an analysis of trends in absorption coefficients, spectral slopes, and spectral slope ratios obtained from absorbance spectra provides information on relative molecular weight and aromaticity (Green and Blough 1994; Twardowski et al. 2004; Helms et al. 2008) . In 3-D excitation-emission matrix (EEMs) fluorescence spectrsocopy (see for example Coble et al. 1996; Stedmon et al. 2003 Stedmon et al. , 2005 Murphy et al. 2008) , peak locations have been used to differentiate CDOM as allochthonous senescent plant material or autochthonous biologically labile material (Moran and Zepp 1997; Miller et al. 2002; Tzortziou et al. 2007 Tzortziou et al. , 2011 .
To examine CDOM sources, production and processing in coastal waters with nearshore giant kelp beds, we measured the optical properties of surf zone waters in multiple diurnal field studies at a beach in Southern California with extensive plant wrack in the intertidal zone and nearshore kelp and seagrass beds. Trends are analyzed on tidal timescales and the field results are compared to laboratory studies on giant kelp and seagrass plant exudates which have undergone photochemical and biological processing.
Experimental methods

Site description
Four 24-28 h field studies were conducted in July 2009 at Crystal Cove Beach State Park (33.574 N 117.840 W) in Orange County, Southern California, U.S.A. on 7/1-2 (Field Study (FS) 1), 7/8-9 (FS 2), 7/15-16 (FS 3), and 7/29-30 (FS 4). The study site is shown in Fig. 1 . Crystal Cove is one of the restoration sites of the Orange County Giant Kelp Restoration Project, begun in 2002 under the leadership of the Aquarium of the Pacific (Long Beach, California; http:// www.aquariumofpacific.org/images/mcri_uploads/kelp_resto-ration_project.pdf). Eelgrass (Zostera marina), a type of seagrass native to Southern California, is found in meadows in shallow nearshore waters in this region (Allen and Williams 2003) . There are now approximately 9000 m 2 of kelp (M. pyrifera) beds in the nearshore region spanning 1.6 km along the coastline. An additional 9000 m 2 was restored off Laguna Beach, which is located 5 km down coast from our Crystal Cove study site. The kelp beds are 100-400 m offshore at depths of 7-12 m. Giant kelp canopy density is higher in summer (May-September) in Southern California (Gaylord et al. 2007; Stewart et al. 2009) . No literature data on nearshore seagrass bed coverage is available for this site and region, but kelp dominated the intertidal zone based on relative wrack biomass (< 10% seagrass) over the study period.
Sampling methods
Samples were collected in 500 mL amber glass bottles every 60 min from knee-deep water on an incoming wave. Temperature was measured in situ. Samples were immediately vacuum filtered on site using 0.7 lm glass fiber filters (Whatman GFF) and stored in the dark at 48C for analysis of optical properties at the laboratory within 48 h. Salinity and pH were measured in the laboratory with conductivity (Model 162A, Thermo ORION) and pH (Acument Basic AB15) meters. Sunlight intensity was measured in situ with a handheld UV light intensity radiometer/dosimeter with a built-in UV A 1 B photodiode sensor (VersaProbe, UV Process Supply). Over July, solar irradiance intensity reached a maximum of 4.7 3 10 23 W cm 22 during the day. A thick early morning fog layer, typical for this region at this time of year, delayed the onset of a solar radiation increase in some of the field studies for 2-3 h after sun-rise occurred around 6 am local time. Tidal data is from the United States Geological Service (USGS); no unusually high or low spring or neap tides were observed over the study period. Southern California experiences a semidiurnal tidal cycle, with two ebb and two flood tides of different magnitude occurring in each 24 h period. An offshore storm event resulted in high winds and strong longshore and rip currents during the first half of Study 4 (7/29-30). No rainfall was recorded during the study period (http://ocwatersheds.com/rainrecords/rainfalldata/ historic_data/rainfall_data).
Optical properties
Absorbance spectra were measured with a UV-visible spectrometer (Agilent Technologies 8453) from 200 nm to 700 nm in a cylindrical quartz sample cell with a path length of 10 cm and a deionized water blank (Barnstead Nanopure). Spectral resolution was less than 2 nm with-< 0.03% stray light. Using Eq. 1, absorbance at 300 nm (A(k)) was converted to absorption coefficient (a CDOM (300) in m
21
) by multiplying by 2.303 (the natural logarithm of 10) and dividing by the cell path length L in m (Hu et al. 2002; Wozniak and Dera 2007) .
Spectral slopes (S) were calculated by fitting the spectral data to Eq. 2 with a first-order linear regression for the 300-400 nm wavelength range for comparison to our previous work in this region (Clark et al. 2008 (Clark et al. , 2009 (Clark et al. , 2010 (Clark et al. , 2014 :
where k 0 is 300 nm and K is a background constant that allows for any baseline shift caused by residual scattering by fine particle size fractions, micro-air bubbles, or colloidal material present in the sample, refractive index differences between the sample and the reference, or attenuation not due to CDOM (Green and Blough 1994; Moran et al. 2000; Helms et al. 2008) . The 100 nm range for S in this study appears to be well-fit by the linear regression method with R 2 > 0.9 (averaging 0.96 6 0.06), except for the sample from FS 4 with the unusually high S value of 0.042 (R 2 5 0.541).
Note that calculated slopes are negative with units of nm 21 , but absolute values are reported; a higher S value results from a steeper slope (more negative number) and gives a larger reported absolute value. Stedmon et al. (2000) reports a nonlinear approach is the best approach when calculating spectral slopes over broad spectral windows. However, Helms et al (2008) found less than 1% difference in S calculated using nonlinear exponential fits compared to the linear logtransformed values used in this study for smaller spectral windows. We report here results from using the linear Clark et al. CDOM from coastal kelp and seagrass beds regression fit within the smaller spectral range of 300-400 nm to allow for the direct intercomparison of our results with other studies we have carried out and published in this region, but we also determined S values for our data using a nonlinear approach for comparison purposes. Values were generally similar with observed differences of 4 6 2%, 8 6 6%, 4 6 1%, and 6 6 4% for all samples in field studies 1 through 4, respectively. Emission spectra were obtained with a scanning fluorometer (Quantamaster, Photon Technology International). Three-dimensional EEMs were obtained by ranging the excitation wavelengths from 260 nm to 430 nm and the emission wavelengths from 270 nm to 650 nm in 5 nm increments. A water EEM was generated daily to subtract out the water Raman peak and Rayleigh scattering. Spectra were corrected for instrumental response using the correction file supplied by the manufacturer based on factory calibration. The percentage error on three duplicate absorbance and fluorescence scans was < 0.5%. Fluorescence intensities in photons s 21 were converted to QSU (quinine sulfate unit; 1 QSU 5 1 ppb quinine sulfate in 0.05 M H 2 SO 4 ) with a calibration curve (Mopper and Scultz 1993) . Samples were diluted prior to fluorescence measurements to minimize inner filter effects as described in Burdige et al. (2004) . Two fluorescence indices were calculated following methods summarized in Huguet et al. (2010) , specifically: f450/ f500, the ratio of fluorescence intensities at 450 and 500 nm at an excitation of 370 nm, and BIX, the ratio of the intensities at 380 and 430 nm at an excitation of 310 nm.
Photodegradation experiments
To examine the contribution of kelp and seagrass as potential CDOM sources, we measured optical properties for plant leachates pre-and post-irradiation with a solar simulator. Senescent plant material, specifically giant kelp (M. pyrifera) and sea grass (Z. marina), was collected from the intertidal zone in May 2010, washed with deionized water and 13 g immersed in 1.0 L of artificial seawater (aqueous NaCl solution; salinity 33). Live kelp from the nearshore beds could not be collected under the sampling permit restrictions. Samples were prepared with and without sodium azide to probe the effect of bacteria on CDOM generation. Duplicates were made up with the addition of 0.1% sodium azide (NaN 3 ) solution (Fisher Scientific) to the flask to kill bacteria. Flasks were placed in the dark at 228C for 24 h to dissolve optically active material formed in the senescent plants, and filtered under gentle vacuum through 0.7 lm glass fiber filters to remove large particulate material (Whatman). After filtration, solutions were stored at 48C in amber glass bottles wrapped in foil. A solar simulator (Luzchem SolSim;) was used to irradiate samples in a quartz cell for a total of 4 h in 30 min intervals. The Luzchem Solar Simulator is calibrated to match the American Society for Testing and Materials (ASTM) Air Mass 1.5 Global Tilt Standard (AM1.5).
The simulator produces a spectrum that matches AM 1.5 within 80% from 280 through 680 nm both spectrally and in terms of intensity (http://www.luzchem.com/products/ solar_sim.php). We irradiated samples for 4 h, to approximate the time-scale of maximum sun exposure over solar noon. EEMs were obtained pre-and post-irradiation with azide solution blanks and changes in the intensity and maximum excitation and emission wavelengths of the fluorescent peaks monitored. The t 5 0 point was for the samples after 24 h of immersion, immediately before the irradiation experiment as conducted.
Results
Field study
Over the course of this study salinities ranged from 32 to 33, consistent with the low freshwater inputs coastal waters receive in this semiarid region with low rainfall (Clark et al. 2009 ). Average temperatures increased over the month of July, from 16.5 6 2.38C for the first study on 1-2 July to 23.8 6 0.58C for the last study at the end of July. Average temperatures for FS 2 and FS 3 were 20.1 6 0.8 and 21.3 6 1.28C, respectively. Over the same time period, the average pH increased from 8.2 6 0.1 for FS 1 to 8.9 6 0.1 for FS 4.
During field studies 1 through 3, the observed a CDOM (300 nm) variability was contained within one order of magnitude with a minimum of 0.35 m 21 and a maximum of 3.7 m
21
. Fluctuations between low and high values occurred on subtidal time scales ranging from 1 h to 4 h (Fig. 2) . Average values were 1.8 6 0.6, 1.3 6 0.4, and 1.7 6 0.5 m 21 for FS 1-3, respectively, (n 5 29 for each field study). For FS 4, which occurred after a storm event, higher absorption coefficients (4-6 m
) were obtained for a few samples, but the overall average was similar to the three prior field studies (1.7 6 1.7 m
; n 5 20). Increases were observed at both low and high tide minima and maxima heights, but also when changing from flood to ebb tide and between tidal minima and maxima. Similar CDOM absorption coefficient values of 1.5-2.0 m 21 were obtained in prior studies of coastal waters 5-10 km upcoast of this site (Clark et al. 2008 (Clark et al. , 2010 ). In prior studies at other beaches in this region, similar average S values in the range 0.0100-0.0112 nm 21 were obtained (Clark et al. 2008) . In general, a lower spectral slope was associated with a higher absorption coefficient (Fig. 3) . In FS 1, which had the lowest average S value, the trend was flatter, with a CDOM (300 nm) ranging from 1 m 21 to 3 m 21 for samples with similar spectral slopes of 0.0045 nm
. To further examine CDOM optical properties, we measured EEMs for all samples. Three-dimensional EEMs have been shown to distinguish between CDOM sources in natural waters (Coble 1996; de Souza Sierra et al. 1997; McKnight et al. 2001) . Five main fluorescent peaks were identified with distinct excitation and emission wavelength regions (Table 1) ; peak locations and classifications used here followed Coble (1996) . Parallel factor analysis (PARAFAC), which can identify additional fluorescent components beyond the Coble model, was not used in this study due to the limited size of the spectral database (n 5 107 from four field studies) available for fitting (PARAFAC models are typically on a much larger number of sample EEMs; Stedmon et al. 2003; Stedmon and Markager 2005; Murphy et al. 2008) . EEMs are shown in Fig. 4 The f450/f500 index averaged 2.7 6 0.02 for all the field studies. On a few occasions, values below two were obtained, for example 1.9 at midnight in FS 4 during a low tide. BIX values averaged 1.1 6 0.1 for the four field studies; a high of 1.3 and a low of 0.9 were observed for some samples in FS 1/ 2 and FS 3/4, respectively. There was no significant correlation with absorption coefficient; for example, the highest f450/f500 and BIX values (2.9 and 1.3, respectively) were observed for water samples with absorption coefficients ranging from 0.5 m 21 to 1.9 m
.
Photodegradation experiments
EEMs for seagrass and kelp leachates before and after irradiation for 4 h in the solar simulator are shown in Fig. 5 . Figure  5 shows EEMs pre-and post-irradiation for leachates with the addition of sodium azide. Trends and changes in peak intensities are summarized in Table 2 . Peaks A and C were observed at similar intensities (50 QSU) in both the seagrass and kelp leachates pre-irradiation with no added azide, i.e., in the presence of bacteria (Table 2 ). Since the absorption coefficient for the sea grass leachate was much higher than that for kelp (800% higher at 300 nm) for the same amount of plant material, this suggests that a large portion of the sea grass derived CDOM is not fluorescently active. Intense B and T protein peaks were observed for seagrass (1700 and 1200 QSU) whereas kelp had only one protein peak, the T peak, at a lower intensity of 300 QSU. When azide was added, peaks A and C were observed at similar intensities for the seagrass leachate but the protein peaks were not apparent. For kelp with azide pre-irradiation, peak T was again observed but at a lower intensity of 120 QSU, peak A was not apparent and peak C was observed at a similar intensity of 50 QSU (Table  2) . Peak M was observed in the azide-treated kelp and seagrass leachates, i.e., in the absence of bacteria, at intensities in the same range as peaks A and C. We attribute the peak observed at an emission wavelength of 650 nm to pheophytins, degraded chlorophyll pigments, from the senescent plant material (French et al. 1956 ). The emission wavelength range for peak C for the plant leachates in the laboratory studies was red-shifted by 40 nm compared to the field data (380-420 nm field vs. 420-480 nm leachates, respectively). This shift to longer wavelengths may be due to higher molecular weight, more freshly produced material for the leachates vs. more aged field material.
After irradiating the leachates without azide (i.e., in the presence of bacteria) for 4 h, protein peak intensities decreased for seagrass and kelp by factors of 5 and 2, respectively (Fig. 6) . As the seagrass leachate was irradiated, the two distinct protein T and B peaks formed a single broader protein peak with lower intensity (Fig. 6) . Peaks A and C doubled in intensity for kelp without azide post-irradiation; seagrass showed similar behavior for peak C but peak A intensity decreased by 40%. With the addition of azide (i.e., in the absence of bacteria), peak C for seagrass doubled in intensity to 130 QSU after irradiation, while peak A decreased to 15 QSU (Table 2 ). For kelp with azide postirradiation, the T peak had decreased by 30% to 80 QSU and peak C increased slightly to 50 QSU.
Peak intensities for humic peaks A and C and protein peaks T and B are shown in Fig. 7 as a function of irradiation time for the leachates without azide; similar trends were observed for these peaks in the presence of azide (not shown). Peak M, which was only observed in azide-treated leachates, was rapidly photodegraded to non-detectable intensities by 30 min of irradiation time. Net rates for changes in fluorescent material derived from seagrass and kelp leachates were estimated from the relative change in QSU over the total irradiation time elapsed (4 h) to be 2.5 QSU h 21 for humic-type peak A photodegradation, 12-21 QSU h 21 for humic-type peak C production, and 40-200 QSU h 21 for protein peak T degradation ( Table 2 ). The highest estimated decay rate was 380 QSU h 21 for protein peak B in seagrass without azide. The rapid complete photodegradation of peak M by 30 min gives an estimated photodegradation decay rate of 100-150 QSU h 21 . Fluorescence indices were calculated for the plant leachates pre-and post-irradiation for 4 h with the solar simulator in the presence and absence of azide, i.e., without and with bacteria, respectively. The initial f450/f500 ratio was similar for both kelp and seagrass with and without azide, averaging 1.1 6 0.1 before irradiation and increasing to 2.0 6 0.2 after irradiation. The BIX ratio showed more variability for both the leachates and azide conditions. For seagrass with azide, BIX values were low and unchanged pre-and post-irradiation (0.17 vs. 0.18). For kelp with azide, BIX was 0.97 before irradiation and increased to 1.5 after irradiation. Seagrass without azide had a higher BIX of 1.97 before irradiation which decreased to 0.52 after irradiation. By contrast, kelp without azide had a lower initial BIX value of 0.98 than seagrass, but a slightly higher post-irradiation value of 0.65.
Discussion
Optical properties (like absorption coefficient, spectral slope, and fluorescence spectra) vary due to differences in the quantity, quality, and composition of CDOM, and can be used to examine the sources and biogeochemical processing of CDOM in natural water ecosystems.
We hypothesize the CDOM pool in nearshore coastal regions with limited freshwater riverine inputs consists of a combination of imported allochthonous material and autochthonous material produced in situ. Allochthonous sources could include more freshly produced material from coastal salt marshes and estuarine systems and more aged material from upwelling of deeper waters and seepage from groundwater aquifiers. Autochthonous sources would include production from plankton, diatoms, microbes, and aquatic plant material. Macroalgae could serve as a CDOM source either directly through leaching from senescent material or indirectly as exudates from biological processing. Increased nutrients in upwelled waters could also lead to enhanced autochthonous CDOM from increased plankton Excitation wavelength (y-axis) vs. emission wavelength (x-axis) in nm. Fluorescence intensity scale is 0-1600 QSU for kelp and 0-1400 QSU for seagrass. productivity. The CDOM sources which dominate in surfzone waters would depend on water flow regimes. For example, CDOM on an outgoing ebb tide could arise from senescent plant material in the intertidal zone or seepage from groundwater aquifiers, whereas inputs at flood tide could primarily be due to inputs from autochthonous sources in the nearshore region, like microbial and plankton production and macroalgae, or longshore transport of allochthonous material from up and downcoast marshes.
In this study, we observed increases in a CDOM (300 nm) at both high and low tides, consistent with multiple CDOM sources. Since we used GF/F glass fiber filters with a nominal pore size of 0.7 lm to remove particles from our seawater samples, some of the absorbance could potentially be due to bacteria and other particles small enough to pass through GF/F filters (Michaels and Knap 1996) . The overall impact on optical properties depends on the levels of particles present. Some studies suggest the impacts of marine bacteria could be insignificant. For example, one study of marine bacteria gave estimated absorption coefficients of less than 0.001 m 21 (Stramski and Kiefer 1990) , two orders of magnitude below the values of 0.5-4 m 21 obtained in this study. Other studies have suggested that the impacts of marine bacteria could be more significant. Potential optical impacts include a peak at 400 nm and longer wavelength baseline offsets in the absorption spectra (Morel and Ahn 1990; Nelson et al. 1998) , and characteristic peaks in the EEMS in the protein emission region (Determann et al. 1998 ). We do not see a 400 nm peak in our absorbance data and only one EEM showed any appreciable bacteria signal. The seagrass in the absence of azide, i.e., a leachate experiment with bacteria, show two peaks with an excitation at 290 and 240 nm and emission at 340 nm that could be due to bacteria (Determann et al. 1998) . The longer wavelength baseline offset has a greater impact on the value of S if a long wavelength region (300-600 nm) is fitted, resulting in lower spectral slopes. Given that we fit the shorter wavelength region (300-400 nm) in this study the impact of an offset should be minimal. Overall, while we cannot say with certainty that the use of 0.2 lm filters would not have produced optical differences, the data suggests that particulates, if present, were there in low levels and had minimal impact.
The S values in this study are similar to values previously reported for surface waters ebbing from an upcoast salt marsh (0.010 6 0.002 nm
21
, Clark et al. 2008 Clark et al. , 2014 ; GF/F and 0.2 lm filters, respectively), but lower than those typically reported for estuarine waters (0.012-0.018 nm
; Vodacek et al. 1997; Burdige et al. 2004; Tzortziou et al. 2007 ). In a recent study, Helms et al. (2008) reported lower S values for upriver vs. coastal samples and observed an increase in S when water samples were irradiated with sunlight. Generally, S increases as CDOM is photobleached in oxidative environments and decreases with aging in suboxic soils and sediments due to increasing aromaticity and humification (Stabenau et al. 2004; Tzortziou et al. 2007) . Lower S values are indicative of CDOM that is more humic or terrestrial in nature (Carder et al. 1989; Green and Blough 1994; Vodacek et al. 1997; Whitehead et al. 2000) . The observed variations in spectral slope in this study suggest there are different CDOM types (due to source or processing) in these waters that can be differentiated based on optical properties.
We attribute the water with the highest S values (> 0.015 nm 21 ) to aged coastal seawater with CDOM that has undergone more extensive biological and photochemical processing. The single sample with S 5 0.40 nm 21 from FS 4 may represent even more aged material brought into the nearshore region by winds and currents associated with the storm event, possibly from wind-driven upwelling processes (Snyder et al. 2003) , but this had a low R 2 value of 0.5 for the S slope calculation and should be treated with caution. ), observed at low tide during FS 1, could potentially be associated with seepage from groundwater Table 2 . EEM peak intensities (in QSU) for kelp and seagrass leachates pre-and post-irradiation without and with the addition of azide; peak change rates (in QSU h 21 ) are estimated from the change in intensity divided by the total irradiation time (4 h).
Seagrass Kelp
No azide aquifers containing aged infiltrated material from runoff. The flux of groundwater to the surf zone from beach aquifers in this region has been previously reported (Boehm et al. 2006) . We observed similar low S values in a prior study of deeper pore waters in sediments at an upcoast salt marsh (Clark et al. 2014) .
In this study, increases in S (to a more negative slope or higher absolute value) were generally associated with decreases in a CDOM (300 nm); samples with the highest a CDOM (300 nm) had the lowest S values. The exception to this trend was for FS 1, which had a wide range of absorption coefficients associated with low spectral slope values. This could potentially be due to effects from upwelling, since the average temperature in this study was lower than the average of the other three field studies (16 vs. 22 6 28C). Wind-driven upwelling leads to decreases in temperature and increases in productivity along the coast of California due to the transport of cold, nutrient rich water to the surface (Snyder et al. 2003) ; this could result in increased production of fresh material.
A similar inverse relationship between S and absorption coefficient was observed for a river and surrounding coastal ocean in the South Atlantic Bight (Kowalczuk et al. 2003) . The inverse trend in our study could be explained by the in situ production of fresh material in nearshore waters, hence lower S and higher a CDOM (300 nm). This CDOM may then be aged and diluted in seawater, resulting in higher S and lower a CDOM (300 nm). A recent study of intertidal and subtidal macroalgae exudates from coastal North Atlantic waters showed an increase of 0.004 in the spectral slope on photobleaching by sunlight over an exposure timescale of multiple days (Hulatt et al. 2009 ). Similar increases were observed in earlier studies of irradiated estuarine phytoplankton (S incr 5 0.003 nm 21 10 d natural solar irradiation, St. Lawrence Estuary, Canada; Whitehead et al. 2000) and leachates of an Atlantic seagrass species (S incr 5 0.001 nm 21 24 h solar simulator, Florida Bay, U.S.A.; Stabenau et al. 2004) . Peaks A, C, and M observed in EEMs for the water samples are attributed to a combination of humic material derived from terrestrial, microbial, and phytoplankton sources. Peak M has been associated with biological activity in seawater but has also been observed in wastewater, wetlands, saltmarshes, and agricultural environments in prior studies (Stedmon and Markager 2005a,b; Mostofa et al. 2007; Clark et al. 2008; Henderson et al. 2009 ). Romera-Castillo et al. (2010) demonstrated the production of peak M (and proteinaceous) material from exudation from four common species of marine phytoplankton, including diatoms. Peaks A and C are widespread, being observed in terrestrial, coastal, and oceanic waters, particularly the UV-humic like peak A (Stedmon and Markager 2005a; Mostofa et al. 2007; Clark et al. 2008) . A prior study in this region showed that peak M material is produced in salt marshes, but absent in the adjacent receiving coastal waters, suggesting rapid biological and photochemical processing and removal occurs (Clark et al. 2009) . In laboratory incubation studies of leachates of salt marsh cord grass, peak M appeared to undergo biological conversion in the presence of bacteria (on the time-scale of days) to terrestrial-like humic material peak C (Wang et al. 2007) .
Protein peaks were observed in water samples with lower spectral slopes, suggesting freshly produced material is present. The absence of protein peaks in waters with higher spectral slopes would be consistent with more aged and degraded material comprising the DOM pool. The protein-like peaks in EEMs have been associated with amino acids free or bound in proteins, with the tryptophan-like peak (T) indicating relatively recent origin or relatively unaltered DOM while peak B (tyrosine-like) indicates more degraded material (Yamashita and Tanoue 2003; Fellman et al. 2008) . In a size exclusion chromatography study of CDOM in a coastal wetland and estuarine ecosystem, Maie et al. (2007) found that peak T consisted of two peaks, attributed to proteinaceous materials and polyphenols from tannins in senescent mangrove leaves. Stedmon and Markager (2005b) observed the production of protein-like fluorescent material during the exponential growth phase of phytoplankton.
The fluorescence indices provide additional evidence for potential CDOM sources. The f450/f500 index provides an estimate of the degree of aromaticity; values of 1.9 have been obtained for aquatic and microbial sources and 1.3 for terrestrial and soil sources (McKnight et al. 2001) . The average value of 2.7 6 0.02 obtained in this study for FS 1 through 4 is consistent with aquatic and microbial sources. These conclusions are supported by the BIX index, a measure of autochthonous biological activity in estuarine and marine environments; higher values (> 1) are attributed to autochothonous DOM and OM freshly released in water, whereas lower values (0.6-0.7) are associated with lower in situ DOM production (Huguet et al. 2010) . The average BIX value of 1.1 6 0.1 for the four field studies is consistent with in situ production of fresh autochthonous DOM.
To assess potential autochthonous CDOM sources, and their biogeochemical processing, in coastal waters with extensive nearshore macroalgae, we measured optical properties and EEMs for leachates of kelp and sea grass collected at this site to compare to the natural water samples. The optical characteristics obtained from the non-azide experiments (with bacteria) should be comparable to those obtained during the field studies when both microbial and photochemical processing can occur. For the kelp leachate, the S value was 0.012 nm 21 pre-irradiation and 0.013 nm 21 postirradiation for 4 h with the solar simulator, with a concomitant decrease of 7% in a CDOM (300 nm). By contrast, S for the sea grass leachate was higher at 0.024 nm 21 and decreased to 0.022 nm 21 after irradiation, with a slight increase of 3% in a CDOM (300 nm) after irradiation. An S value of 0.022-0.024 nm 21 was only observed for one point at the end of FS Both plant species produced CDOM with characteristics of terrestrial humic material and microbially produced material. Humic-type peak C was present in comparable intensities in kelp and seagrass in the absence of azide; this may be due to exudation from plant tissue. The production of UV-absorbing materials from a different species of kelp (M. integrifolia) has been attributed in a Canadian study to the release of phlorotannins (polyphenols) from plant tissues through exudation or cell damage, and subsequent reactions with proteinaceous and carbohydrate material in seawater (Swanson and Druehl 2002) . For non-azide treated samples (i.e., with bacteria), intense protein-type peaks were observed for both seagrass and kelp. For seagrass without azide, the two intense protein-type peaks at an excitation of around 240 and 290 nm and emission of 340 nm for the leachate pre-irradiation may be due to bacteria (Determann et al. 1998) . Post-irradiation, these features disappeared, possibly due to bacterial inactivation, to be replaced by a single peak with excitation at 275 nm and emission at 315 nm, characteristic of tyrosine and consistent with microbial processing. For kelp without azide, a single peak characteristic of tryptophan (excitation 280 nm, emission 330 nm) was observed pre-and post-irradiation. Peak M, attributed to CDOM of microbial origin, was not observed pre-or post-irradiation, possibly due to rapid biological processing. After irradiation with a solar simulator for 4 h, the protein-type peaks decreased in intensity by 50% for kelp and 80% for seagrass. Similar decreases of 70-80% were observed for protein peak intensities in a study of downstream river waters exposed to natural sunlight for 13 d (Mostofa et al. 2007 ). For both sea grass and kelp, peak C increased in intensity.
The azide-treated samples (i.e., no bacteria) had no protein peaks for seagrass and a lower intensity peak T for kelp, consistent with no or reduced microbial degradation. Sea grass had peaks A, C, and M pre-irradiation. Post-irradiation, peak A decreased in intensity, peak C doubled in intensity and peak M disappeared. Pre-irradiation, kelp had peaks C and M at similar intensities with no peak A. Post-irradiation, peak M had disappeared and peak C increased by 25% in intensity. For both leachates, peak M was rapidly photodegraded, disappearing by the first sampling point after 30 min of irradiation, as observed in a prior study on salt marsh plant leachates (Clark et al. 2008) . The presence of peak M in the azide-treated samples prior to irradiation may be due to prior microbial production of material which persisted in the absence of biological processing.
Fluorescence indices for the plant leachates were consistent with the presence of a mixture of allochthonous terrestrial material (from plant exudation) and autochthonous aquatic and microbial sources in the seawater. Values of f450/f500 increased from 1.1 to 2.2 with irradiation for both plant leachates in the presence and absence of azide, suggesting that photochemical processes are producing material with the optical characteristics of aquatic CDOM, whether active microbes are present or not. The value post irradiation approaches the average value of 2.7 6 0.02 obtained in this study for FS 1 through 4.
Results for the BIX ratio were less consistent. In the absence of azide (i.e., with bacteria), the BIX ratios > 1 before irradiation for kelp and seagrass were consistent with OM freshly released in water, as were the intense protein peaks observed in the EEMs. The value pre-irradiation for kelp of 0.98 compared most closely to the average BIX value of 1.1 6 0.1 obtained for the four field studies; the value for sea grass was higher at 1.97. The lower values of 0.5-0.6 postirradiation suggest reduced in situ CDOM microbial production occurs in the presence of sunlight, consistent with the observation of protein EEM peaks that decrease in intensity with irradiation. With azide, i.e., no active bacteria present, BIX ratios are very low for seagrass (< 0.2), consistent with no autochthonous microbial production of CDOM (as suggested by the absence of protein EEM peaks). The humic peaks observed in the seagrass EEMs would then be due to exudation of plant material. By contrast, BIX values for the azide-treated kelp leachate increased from 1 to 1.5 with irradiation, consistent with CDOM production. This may be due to the fact that not all microbes on or in the kelp, a complex plant matrix, were deactivated with the azide treatment, which would be consistent with the fact that a reduced protein peak is still observed in the EEM for the kelp leachate with azide.
A combination of the EEMs for the azide and non-azide treated kelp leachates pre-and post-irradiation would have similar optical features to those observed in the field water samples, i.e., the presence of humic peaks A and C, peak M, and protein peaks. The higher relative intensity of peak A vs. C in the field samples as compared to the plant leachates suggest another allochthonous CDOM source, possibly from terrestrial inputs from run-off from storm water drains or groundwater seepage.
In summary, the temporal variation in the optical characteristics of coastal waters with limited freshwater riverine inputs and extensive nearshore macroalgal vegetation are consistent with multiple potential allochthonous and autochthonous CDOM sources. Autochthonous sources include exudation from and microbial processing of plant wrack in the intertidal zone and actively growing macroalgal plants offshore. Increased absorption coefficients and decreased spectral slopes observed at both ebb and flood tides were consistent with production of fresh CDOM under both tidal conditions. The presence of protein peaks and peak M in EEMs of water samples is consistent with microbial production occurring. Leachates of kelp with active microbial populations pre-and post-irradiation had the most similar optical features to the coastal water samples, as compared to sea grass.
